Two experiments were conducted to assess the effects of porcine ST (pST) on the responses to a near-ideal blend of AA for pigs from 22 to 60 kg BW. Eighty Hampshire × Yorkshire gilts (40 gilts/experiment) were individually penned and assigned to a 4 × 2 factorial arrangement of treatments, consisting of 4 diets with and without pST injection. A fortifi ed corn-soybean meal basal diet was formulated to contain 1.50% total Lys and Thr, Met, and Trp were added to obtain a near-ideal blend of these AA relative to Lys. In 3 additional diets, Lys was reduced to 1.25%, 1.00%, or 0.75% by diluting the basal diet with cornstarch, cellulose, and sand, such that the diets also contained the same ratios of AA. Pigs that received pST were administered a daily intramuscular injection of 2 mg of pST. Data from the 2 experiments were pooled. Administration of pST increased ADG (P < 0.01), G:F (P < 0.01), and LM area (P < 0.01), and decreased ADFI (P < 0.03), last rib backfat (P < 0.01), and 10th rib backfat (P < 0.01). Also, estimated carcass muscle and calculated lean gain increased (P < 0.01) in pST-treated pigs. Administration of pST also increased (P < 0.01) the percentage, total gain and accretion rate of water, protein, and ash in the carcass, and decreased (P < 0.01) the percentage, total gain, and accretion rate of carcass fat. Growth rate, G:F, and carcass traits improved (P < 0.01), percentage of carcass proteinand water increased (P < 0.01), and carcass fat percentage decreased (P < 0.01) with increasing dietary Lys. The percentage, total gain, and accretion rate of carcass protein increased to a greater extent in pST-treated pigs than in untreated pigs, resulting in a pST × Lys interaction (P < 0.05). The results indicated that pST improves performance, leanness, and protein accretion in pigs from 22 to 60 kg BW, and that these responses to dietary Lys and a nearideal blend of AA is greater in growing pigs treated with pST than untreated pigs.
INTRODUCTION
Porcine ST (pST) administration decreases nutrient uptake in adipocytes, inactivates lipogenic enzyme activity (Walton et al., 1986; Magri et al., 1990) , and indirectly stimulates protein accretion (Goodband et al., 1990; Johnston et al., 1993) . Somatotropin increases protein accretion by increasing protein synthesis and AA transport, and decreasing protein degradation by activating the expression of IGF (Prewitt et al., 1982; Janeczko and Etlinger, 1984; Duclos et al., 1991) . Enhancing the potential to accrete more lean tissue is expected to increase the need for dietary AA (Machlin, 1972) .
Finishing pigs administered pST require more dietary Lys than untreated pigs to optimize protein accretion (Goodband et al., 1990; Johnston et al., 1993) . Conversely, the response to increasing dietary Lys fed to pigs from 20 to 60 kg was reported to be less pronounced if fed to 50-to 110-kg pigs when treated with pST (Etherton et al., 1987; Campbell et al., 1989; Krick et al., 1993) . Daily administration of pST is not expected to alter protein metabolism differently in growing than fi nishing pigs. Previous research evaluated interactive effects of dietary Lys and pST or dietary protein and pST, using diets with unbalanced AA profi les. This study examined the effects of feeding diets containing graded amounts of a near-ideal blend of dietary AA on performance, carcass leanness, and carcass accretion rates of water, protein, fat, and ash in growing pigs either administered or not administered pST.
MATERIALS AND METHODS
The studies were conducted under protocols approved by the University of Kentucky Institutional Animal Care and Use Committee.
Animals
Two experiments were conducted. Eighty crossbred (Hampshire × Yorkshire) gilts, initially averaging 25.0 and 22.0 kg BW in Exp. 1 and 2, respectively, were used in the 2 experiments. Pigs were kept individually in 1.22 × 1.22 m pens with concrete-slatted fl oors in an environmentally controlled room maintained at ~22 o C. In each experiment, pigs were randomly allotted to 8 treatments with 5 replicate pens per treatment. The treatment structure was a 4 × 2 factorial arrangement (4 diets fed to pST-treated and untreated pigs). Pigs were provided ad libitum access to feed from stainless steel feeders and water from nipple waterers. Pigs were weighed and feed disappearance was determined at weekly intervals. Pigs were removed from the experiment after 55 and 63 d in Exp. 1 and 2, respectively, at which time the average fi nal BW were 60.1 and 59.4 kg, respectively.
Experimental Diets
In both experiments, a fortifi ed corn-soybean meal basal diet was formulated to contain 1.50% total Lys (Table 1) . In formulating the diet, the estimated AA composition of corn and soybean meal (NRC, 1988) was used in Exp. 1, and the analyzed AA composition of the corn and soybean meal was used in Exp. 2. The basal diet included crystalline L-Lys (as L-Lys•HCl), L-Thr, DL-Met, and L-Trp, such that Thr, Met + Cys, Trp, Ile, and Val were 67%, 65%, 19%, 60%, and 72% of Lys, respectively, on a true ileal digestible basis (Chung and Baker, 1992) . Three additional diets were produced by diluting the basal diet with cornstarch (Exp. 1) or cornstarch, cellulose, and sand (Exp. 2). This dilution technique was used in diet formulation to reduce dietary total Lys from 1.50 to 1.25%, 1.00%, and 0.75% but maintain constant AA ratios across the 4 diets. The diet having the least Lys concentration (0.75%) was at the NRC (1988) estimated dietary Lys requirement for growing pigs of this BW range; the second Lys concentration (1.00%) was at the approximate amount needed for gilts with high lean gain potential (NRC, 1998). The analyzed AA composition of the diets in the 2 experiments is shown in Table 2 . All diets were formulated to contain 0.80% Ca and 0.55% available P to support the greater Ca and P requirements of the pST-treated pigs (Carter and Cromwell, 1998) . The remainder of the minerals and vitamins were supplied to exceed NRC (1988 NRC ( , 1998 requirements so that growth was not limited due to the possible greater nutrient requirements of the pST-treated pigs.
Porcine Somatotropin
Injections of recombinant pST (Lot no. V412-001; Monsanto, St. Louis, MO) were administered daily in the extensor muscle of the neck between 0900 and 1100 h, using a pistol-grip syringe equipped with a 20-gauge needle. The injection site was on alternate sides every other day. Solubilization of pST was obtained by adding 75 mL of sterile water to nonsolubilized vials containing 150 mg of pST to prepare a fi nal concentration of 2 mg/mL of pST.
Carcass Composition and Accretion Data
After removal from the experiment, pigs were taken to the University of Kentucky Meats Laboratory, electrically stunned, exsanguinated, dehaired, and eviscerated. The head was removed at the atlas joint and the carcass was split longitudinally. The hot carcass was weighed and chilled at 1 o C for 24 h and carcass measurements were taken. After 24 h, the carcass was separated between the 10th and 11th rib, and fat depth was measured 3/4 of the distance from the midline. Longissimus muscle area was determined by tracing the cross-sectional surface of the LM. Last rib backfat was measured from the outer skin surface to the connective tissue layer of the vertebra. From the carcass measurements, the percentage of carcass muscle was estimated using the NPPC (1976) equation (adapted to metric), as follows: Percentage of muscle = 100 × [0.908 + (HCW in kg × 0.45) + (LM area in cm 2 × 0.35185) − (10th rib backfat in cm × 1.966)]/ HCW in kg. Lean gain was calculated by subtracting the estimated carcass muscle of the initial pigs from the estimated carcass muscle of the fi nal pigs, and dividing the result by the number of days on test. The carcass muscle of the initial pigs was estimated by multiplying the BW by 40% (Bark, 1990) .
The entire carcass was divided into 4 untrimmed cuts (ham, loin, shoulder, and belly), feet, and tail, and frozen (-30 o C) until later grinding. Untrimmed cuts, feet, and tail were ground in a whole body grinder (Model 801GH50T; Autio Grinder, Astoria, OR). Each carcass was ground 3 times through a 6-mm plate to ensure a homogenous mixture. Dry ice was added to keep the mixture from separating and avoid weight loss during the grinding process. Subsamples were taken to obtain a fi nal sample of ~500 g and the fi nal sample was frozen at -30 o C, until further processing. After thawing, the samples were analyzed for water content, then, lyophilized, fi nely ground, and analyzed for protein, fat, and ash.
The comparative slaughter procedure was used to determine accretion of the chemical components. Six pigs of similar ancestry to the experimental pigs were killed at the start of the experiment to estimate the initial carcass chemical composition of the experimental pigs. The carcasses of the 6 pigs were ground and samples were processed in the same manner as previously described. The weights of the chemical components of the carcasses were regressed on BW to develop prediction equations for estimating initial carcass chemical composition of the experimental pigs. Percentages of the carcass chemical components were determined by dividing the total weight of the components by the HCW of each pig. Total gain of water, protein, fat, and ash for each pig were established by subtracting the initial weights from the fi nal weights of these components in the same pig. The accretion rates of the carcass chemical components were determined by dividing the total gain of these components by the number of days on test.
Chemical Analysis
The diets were analyzed for protein and AA, and the carcasses were analyzed for water, protein, fat, and ash content. Crude protein content (N × 6.25; 968.06; AOAC International, 2006) of the diets and carcasses were determined by combustion and recovery of N (Foss Heraeus Marco N machine; UIC Inc., Joliet, IL). Fat content of the carcasses was determined by extracting samples in petroleum ether for 192 h and water and ash contents were determined following standard procedures (950.46, 920.153; AOAC International, 2006) . The AA composition of the corn and soybean meal (Exp. 2), and diets (Exp. 1 and 2) was determined with ionexchange chromatography after acid hydrolysis (985.28, 994.12; AOAC International, 2006) . Methionine and Cys were oxidized to Met sulfone and cysteic acid by treatment with performic acid before hydrolysis. Tryptophan was analyzed after alkaline hydrolysis. Amino acid assays were conducted at the University of Missouri Experiment Station Chemical Laboratories (Columbia, MO) and the other assays were conducted at the University of Kentucky.
Statistics
Data from the 2 experiments were pooled and analyzed as a randomized complete block design (Snedecor and Cochran, 1989) , using the GLM procedure (SAS Inst. Inc., Cary, NC) with the pig considered the experimental unit. The experiment × treatment interaction was not signifi cant for any of the traits, except percentage and accretion rate of carcass protein (in those instances, the interaction was due to differences in magnitude), and the variance for all traits across experiments was homogeneous (Gill, 1978) ; therefore, pooling of the data was deemed appropriate. The main effects of pST, dietary AA concentrations, and the interaction of these 2 factors were tested. Orthogonal polynomial coeffi cients (Snedecor and Cochran, 1989) were used to test for linear, quadratic, and cubic effects of Lys within the 4 diets. Polynomial coeffi cients also were used to partition the pST × Lys interaction (3 df) into its individual components of pST × Lys linear, pST × Lys quadratic, and pST × Lys cubic. Unless stated otherwise, an alpha of P < 0.05 was considered statistically signifi cant.
RESULTS

Diet Analysis
In Exp. 1, the analyzed concentrations of protein were 10.7%, 14.8%, 18.4%, and 21.5%, and Lys were 0.74%, 0.98%, 1.23%, and 1.47% in diets formulated to contain 0.75%, 1.00%, 1.25%, and 1.50% Lys, respectively ( Table 2 ). The relatively small differences in the calculated and analyzed Lys concentrations are due to the fact that the diets were formulated on the basis of the Lys concentrations in corn and soybean meal as listed by NRC (1988). In Exp. 2, the analyzed dietary concentrations of protein and Lys were 12.3%, 14.8%, 18.9%, and 22.6%, and 0.75%, 1.00%, 1.25%, and 1.50% in the 4 diets, respectively ( Table 2 ). The reduction in dietary Lys, as well as the reduction in the other AA, indicates that the dilution technique used (i.e., diluting the corn and soybean meal in the basal diet with cornstarch, cellulose, and sand) was effective.
Performance and Carcass Measurements
Growth performance and carcass measurements based on the pooled data from Exp. 1 and 2 are presented in Table 3 . Pigs administered pST grew faster (P < 0.01) and more effi ciently (i.e., greater G:F; P < 0.01), while consuming less feed (P < 0.05) than the control pigs that did not receive pST. Growth rate and G:F increased Means are pooled results of Exp. 1 and 2, and represent 10 replications of 1 pig per pen from 23 to 60 kg BW. 2 pST = porcine somatotropin; pST-treated pigs were administered 2 mg of pST daily. 3 The probability values represent single df contrasts for linear (Lin) or quadratic (Q) effects of Lys amount. 4 The probability values represent single df contrasts for pST × Lys Lin or pST × Lys Q interaction.
5 Calculated daily total Lys intakes, based on analyzed Lys concentrations of the diets and ADFI for the 8 treatment groups, were 15.7, 18.9, 24.7, and 27.1 g/d for control and 14.1, 18.8, 23.3, and 26.6 g/d for pST-treated pigs, respectively. quadratically (P < 0.01) and ADFI decreased linearly (P < 0.01) with increasing concentrations of dietary Lys. The improvements in ADG and G:F from increasing dietary Lys were more pronounced in the pST-treated pigs than in controls, resulting in a Lys linear × pST interaction (P < 0.01 for gain; P < 0.05 for G:F).
Based on the analyzed Lys concentrations in the 4 diets ( Table 2) and ADFI for the 8 treatment groups, the calculated daily total Lys intakes were 15.7, 18.9, 24.7, and 27.1 g/d for untreated pigs, and 14.1, 18.8, 23.3, and 26.6 g/d for pST-treated pigs fed diets containing 0.75, 1.00%, 1.25%, and 1.50% total Lys, respectively. Figure 1 shows the relative ADG of the pST-treated and untreated pigs when regressed on daily total Lys intake. The pattern of the interaction (i.e., much greater growth response to dietary Lys intake in pST-treated pigs than in untreated pigs) is clearly evident from the fi gure.
Porcine ST administration also affected carcass leanness and it decreased last rib (P < 0.01) and 10th rib backfat (P < 0.01), and concurrently increased LM area (P < 0.01), estimated carcass muscle (P < 0.01), and calculated lean gain (P < 0.01). Increasing concentrations of dietary Lys decreased last rib (linear, P < 0.01) and 10th rib backfat (linear, P < 0.01), and increased LM area (linear, P < 0.01), estimated carcass muscle (linear, P < 0.01), and lean gain (quadratic, P < 0.05). The estimated carcass muscle and calculated lean gain responded more dramatically to increasing concentrations of dietary Lys in the pST-treated pigs than the control pigs, resulting in a Lys linear × pST interaction for both traits (P < 0.05 and 0.01, respectively). The different response pattern of pST-treated pigs and untreated pigs was also evident when lean gain was regressed on daily Lys intake (Figure 2) . Greater responses to dietary Lys in pST-treated vs. untreated pigs also occurred for backfat and LM measurements (Table 3 ), but the interaction was not statistically signifi cant.
Carcass Chemical Composition
In Exp. 1, the chemical composition of the carcass of each experimental pig at the beginning of the experiment was estimated from the carcass chemical composition of the 6 nonexperimental pigs that averaged 25 ± 3 kg BW and 16 ± 1.5 kg carcass weight. The carcass chemical composition of the 6 nonexperimental pigs consisted of 64.8% water, 16.9% protein, 13.7% fat, and 3.3% ash. The initial carcass chemical composition of the experimental pigs in Exp. 2 was estimated from the composition of the 6 nonexperimental pigs that averaged 26 kg ± 4.5 kg BW and 16 ± 3 kg carcass weight. The carcass chemical composition of these nonexperimental pigs consisted of 66.9% water, 17.8% protein, 11.8% fat, and 2.8% ash.
The percentages, total gains, and accretion rates of the carcass water, protein, fat, and ash based on the pooled data of the 2 experiments are presented in Table 4 . Percentages of water, protein, and ash in the carcass were greater (P < 0.01) and percentage of carcass fat was less (P < 0.01) in pigs treated with pST. Administrating pST to pigs also increased (P < 0.01) total gain and accretion rates of water, protein, and ash, and decreased (P < 0.01) fat gain and accretion rate. Progressive increases in dietary Lys increased the percentage of water (quadratic, P < 0.05), protein (linear, P < 0.01), and ash (linear trend, P = 0.08), and decreased the percentage of fat (linear, P < 0.01). Increasing the dietary Lys concentrations linearly increased the total gain of protein (P < 0.01), water (P < 0.01), and ash (P < 0.05), and linearly decreased the total gain of fat (P < 0.01). Total protein gain responded more dramatically as dietary Lys increased in the pST-treated pigs than control pigs, which resulted in a Lys linear × pST interaction (P < 0.05).
Quadratic increases (P < 0.01) in accretion rates of carcass protein and water occurred as dietary Lys increased. The accretion rates of carcass protein and water in the pST-treated pigs increased more dramatically with increasing concentrations of dietary Lys than for the untreated pigs, which resulted in a Lys × pST interaction for both protein (P < 0.05) and water (P < 0.01). Fat accretion rate decreased (P < 0.01) linearly with gradient concentrations of dietary Lys, with no evidence of a pST × Lys interaction. Ash accretion rate was not affected by increasing the concentrations of dietary Lys, but a pST × Lys interaction (P < 0.05) was observed. Figures 3 and 4 show the carcass protein and fat accretion rates of pST-treated and untreated pigs, based on their dietary Lys intakes. As daily Lys intakes of pigs increased, the greater responses in protein accretion (Figure 3 ) in pST-treated pigs vs. untreated pigs is clearly evident; however, the patterns of fat accretion were not different for the treated and untreated pigs as daily Lys intakes increased (Figure 4) .
DISCUSSION
Porcine ST alters protein metabolism by stimulating the synthesis of IGF (Prewitt et al., 1982) , which, in turn, increases the rate of protein synthesis and decreases the rate of protein degradation. Because net protein accretion is increased with pST, additional dietary Lys may be needed to maximize protein synthesis (Machlin, 1972) . In the present research, growth rate numerically reached a maximum when the 1.25% Lys diet was fed. However, when the dietary Lys concentration was increased from 0.75 to 1.25%, the growth rate of untreated pigs increased by only 8.5% compared with an increase of 31.5% for pST-treated pigs. Feed effi ciency increased by 14.2% and 31.9%, respectively, with this increase in dietary Lys concentration in untreated and pST-treated pigs. The pronounced improvement in growth rate and G:F is in contrast to previous reports (Caperna et al., 1990; Krick et al., 1993) . In the study by Caperna et al. (1990) , pigs were fed at 80% of ad libitum intake, which may have altered protein synthesis, leading to a lack of response to increasing concentrations of dietary protein with the pST-treated pigs.
In our study, carcass protein accretion rate reached a maximum value of 118.2 g/d in pST-treated pigs when the dietary total Lys content was increased to 1.25%. The response resulted in a 23.5% greater accretion rate of carcass protein compared with the untreated counterparts. Carcass protein accretion rate increased 47.4% as dietary total Lys increased from 0.75 to 1.25% (and as dietary total Lys intakes increased from 14.1 to 23.3 g/d) within pST-treated pigs, compared with an increase of only 10.2% that was associated with a total dietary Lys intake increase from 15.7 to 24.7 g/d in the untreated controls. The increased dietary AA needs of pST-treated pigs is supported by other research demonstrating pST administration in growing pigs increases protein synthesis of myogenic cells by 50% (Tomas et al., 1992; Seve et al., 1993) . Other reports indicated that fi nishing pigs (50 to 110 kg) administered pST needed 25 to 60% more Lys intake over the control group to maximize protein accretion rate (Goodband et al., 1990; Johnston et al., 1993) . Conversely, Krick et al. (1993) reported that pST-treated and control pigs from 20 to 60 kg required dietary Lys intakes of 24 and 22 g/d, respectively, for optimal protein accretion rate, which resulted in only a 9% increase in Lys intake.
Pigs fed diets containing increasing concentrations of dietary Lys had reduced fat deposition in the untreated and pST-treated pigs (Figure 4) . Pigs fed increasing concentrations of total Lys resulted in a linear reduction in feed intake, regardless of pST administration (Table 3) . Cline et al. (2000) clearly demonstrated that pigs fed increasing concentrations of Lys had reduced 10th rib backfat, but feed intake was not different among dietary treatments. The decrease of 10th rib backfat may be due to more energy being needed to deaminate excess AA and excrete excess N in pigs fed the greater concentrations of Lys. In the present research, both a reduction in caloric intake and energy required to catabolize excess N probably resulted in less fat deposition in pigs fed the greater Lys concentrations.
In the current study, pST administration was ineffective in altering growth rate, lean gain, and protein accretion rate of pigs when the lowest concentration of dietary Lys was fed. This effect is clearly evident from the responses shown in Figures 1, 2 , and 3. This agrees with results reported by Campbell et al. (1990) , who reported that growing pigs fed low-CP diets (8.3% and 11.4% CP) did not respond to growth hormone administration. In their study, IGF concentrations were unaffected at the 2 lowest concentrations of CP in the pST-treated pigs. The release of IGF from the liver is dependent on plasma AA concentrations (Prewitt et al., 1982) , which may contribute to the lack of response in the pST-treated pigs provided low-CP diets. Batterham et al. (1990) determined that a Lys concentration of 0.74 g/MJ DE was needed to optimize protein accretion rate in 20-to 50-kg gilts. Other research reported a 1.0% dietary total Lys requirement for 20-to 50-kg gilts, based on growth performance (Yen et al., 1986) . Friesen et al. (1994) published a dietary total Lys requirement at 22 g/d for high-lean-growth gilts from 34 to 72 kg, based on maximum protein accretion. In our study, the control pigs optimized protein accretion rate and growth when gilts consumed 23.3 g/d of total Lys (i.e., 1.25% Lys diet), whereas fat accretion rate was minimized with 26.6 g/d of total Lys intake (i.e., 1.50% Lys diet).
Administration of pST to pigs markedly increases protein accretion rate while concurrently reducing fat accretion rate (Campbell et al., 1988; Goodband et al., 1990) . Increased postnatal protein accretion results from increasing protein synthesis or decreasing protein degradation (Prewitt et al., 1982) . Somatotropin exerts its growth-promoting actions by binding to GH receptors in the liver and activating the expression of IGF. Insulinlike growth factors increase both protein synthesis and AA transport while decreasing protein degradation (Janeczko and Etlinger, 1984; Duclos et al., 1991) . In the current research, pronounced improvements were observed in growth rate, LM area, estimated carcass lean, estimated lean gain, and protein accretion rate with the pST-treated pigs, providing evidence that pST altered protein metabolism.
Somatotropin acts directly on adipose tissue to inhibit lipogenesis (Walton et al., 1986; Magri et al., 1990) . The reduction in fat synthesis allows for repartitioning of energy that was needed for lipogenesis to be used for protein metabolism, resulting in improved growth rates (Campbell et al., 1988) . Porcine ST reduces lipid synthesis by the activation of lipase. This enzyme inactivates acetyl-CoA carboxylase, the major regulatory enzyme for fat synthesis. Furthermore, lipase inhibits the anabolic action of insulin by inactivating lipogenic enzymes by phosphorylation. Administration of pST decreased fat accretion rates (Caperna et al., 1990; Krick et al., 1993) and 10th rib backfat (Goodband et al., 1990; Fitzner et al., 1992; Johnston et al., 1993) in previous research with growing and fi nishing pigs. In the current research, growing pigs fed 1.50% dietary Lys and administered pST resulted in a 33.9% less fat accretion rate compared with the controls fed the same dietary concentration of Lys.
In summary, these data indicated that pST administration improves rate and effi ciency of BW gain, carcass leanness, and carcass protein accretion rates in growing pigs from 22 to 60 kg but only when the dietary concentration of Lys and a near-ideal blend of AA is adequate. Furthermore, the data indicated that the need for Lys and other AA in a near-ideal blend are increased by pST administration. The literature base is small in evaluating the interrelationships between pST and graded levels of a near-ideal blend of AA in diets fed to fi nishing pigs, which warrants continued research of the interaction of these 2 factors on carcass leanness.
